














Aike or  Marifil  Formations,  or  by erosion,   transportation,  and deposition of   residual 
clays in small basins. This paper describes the genesis; geology; mineralogy; major, 




high  specific  surface area.  The  clays   related   to   the  Chon  Aike  or  Marifil  Fms are 
kaolinitic, showing intermediate values of specific surface area and a coarser particle 
size distribution, associated with quite a fine­grained texture. The Baqueró Fm Upper 
Member received a considerable pyroclastic supply,   fostering the development  of  a 
fine­grained clay in which kaolinite (± halloysite) with higher values of kaolinite crystal 
order prevailed. Primary kaolins – derived from weathering of pyroclastic sequences of 
Chon   Aike   and   Marifil   Fms   –   are   coarse­grained,   composed   of   kaolinite+ 
quartz± halloysite  and exhibit  a  very  low specific  surface area.  Alteration  of  mostly 




kaolins   is   inferred   on   the   basis   of   palaeoclimatic   and   geochemical   evidence   that 














rocks,   ranging   from  rhyolites   to   ignimbrites  and  tuffs,   that  were  argilized   to 
kaolinite   in  most  cases  (Chon  Aike,  La  Matilde  or  Marifil  Formations)  or   to 
smectite   in   others   (Bajo   Grande   Fm)   (Cravero   and   Dominguez,   1992; 
Dominguez   and   Murray,   1995).   Sedimentary   deposits   are   found   in   the 
Cretaceous Baqueró Fm in Santa Cruz and in the Paleocene Salamanca Fm in 
Chubut.









to   seek   the   interconnections   between   clay   deposit   geological   features   and 
kaolin  ceramic behavior.  Even  though kaolinite  is  the major mineral   in  most 




The  first  part  of   this study herein  describes geology,  mineralogy,  major  and 
trace   elements   –   including   one   new   stable   isotopic   datum   –   grain   size 
distribution, and surface area of natural  and washed primary and secondary 














19,  and  Cerro  Rubio   (Dominguez  and  Murray,   1997;  Cravero  et   al.,   2001; 
Panza et  al.,  1994)  and other  minor   locations.  These deposits  occur   in   the 
Jurassic Bahía Laura Group, composed by ignimbrites and rhyolites from Chon 
Aike Fm and tuffs from La Matilde Fm (Lesta and Ferello, 1972). The Bahía 
Laura  Group   unconformably   lays   over   sporadic   outcrops   of   Proterozoic   to 




















valley   (Fig.   2).  Residual   deposits   are   found  within   the   Jurassic  Marifil   Fm, 
consisting   of     rhyolitic   vulcanites   (Malvicini   and   Llambías,   1974),   that   are 
correlated   to   the   Bahía   Laura   Group.   This   unit   lays   over   a   Proterozoic 
Basement   composed   of   gneisses   and  micaschists   intruded   by   syntectonic 





Ferello,  1972)  overlies   the  Marifil  Fm.  Sedimentary  clay  bodies  are   located 
close   to   the   erosive   contact   of   the   two   formations.   As   in   the  Santa  Cruz 





Fifteen   samples  were   collected   in   nine   active  quarries   and   in   two   residual 
argilized areas according to  the following criteria:  their primary or secondary 
origin, their relation with the eroded basement, their position in the sedimentary 




Fm were  studied,   lying  on   the  Chon Aike  Group  and  the  Bajo  Grande  Fm 
respectively   (Fig.   3   and  Table  1).   In   the  Chubut   province,   three   important 











according   to   Stokes’   law   –   using   a   Rigaku­Denki   Geigerflex   Max   III   C 
diffractometer   –   2   °2   minθ ­1,   graphite­monochromated   Cu   Kα   radiation. 
Kaolinite  structural  order  was  measured  according   to  Hinckley’s   (1963)  and 
Stoch’s (1974) methods, following the recommendations of Aparicio and Galán 
(1999) and Guggenheim et al. (2002) on the <2 µm fraction.
The   X­ray   diffraction   patterns   were   performed   on   the   whole   air­dried   clay 
samples   as   used   in   the   ceramic   industry.   The   illite   and   interstratified 
illite/smectite   (I/S)  were defined on  the basis  of  10 Å  basal   reflections.  The 
mineral with sharper 10 Å and 5 Å reflections was considered illite, while that 
with  a  wider  basal   reflection  and a peak  located around 11 Å   in  diffraction 
patterns from air­dried random <2 µm samples was considered I/S. Both were 
characterized  as   illitic  materials,   since  a  detailed   identification   (Srodon  and 
Eberl,   1987)  was   not   performed.   The   identification  method   for   the   <2   µm 
fraction is shown in Figure 4 for three selected samples.
Whole   rock   quantitative   mineralogical   composition   was   achieved   by   both 
normative calculations and X­ray pattern interpretation, applying the generalized 
reference   intensity   ratio   (RIR)   and   assuming   a   theoretical   composition   for 















monitoring of  gravity  sedimentation (Micromeritics  Sedigraph 5100,  ASTM C 
958) and wet sieving of the >100 µm fraction (ASTM C 325). Specific surface 
























those  observed under  SEM and TEM  for  BG,   though   in   this  case  kaolinite 
crystals are more abundant than smectite with some cuspate remnants (Fig. 6). 

























composed of  quartz  and kaolinite  with   illite   traces  (Tables  2  and 4,  Fig.  8) 




the microstructural  viewpoint,   the main feature  is  the occurrence of kaolinite 





dominated by poorly  ordered kaolinite  with  quartz  and some  illite   (I/S).  The 
kaolinite  crystals  have  irregular  boundaries  and a  face­to­face  arrangement, 
with a crystallite size of 1­2  m (Tables 2 and 4, Fig. 9). Such a crystallite sizeμ  
is   in  agreement  with   the  predominance  of   the  <2  µm fraction;  however  an 
abundant  silty   fraction   is  also  present   (Fig.  7B)   thus   justifying   the   low SSA 
values.
The Tincar Zeta (TZ) and Frente A (FA) quarries are operating over a ~80,000 























illite   (Fig.   9).   These   observations   satisfactorily   match   a   clay   fraction 
predominance and a relatively large SSA (Fig. 7B, Table 5).
4.3. Chubut Province Deposits













short  halloysite   fibers  and  corroded   feldspars   (SEM  images,  Fig.  11);  TEM 
examination reveals well defined, 3­4 m­long kaolinite platelets and halloysiteμ  
fibers   (Fig.   11).   RF   shows   deeper   kaolinization   with   a   small   amount   of 






























600  m   long   front   is   exploited.   The   8  m   thick   clay   body,   filling   an   eroded 












any  strong  structural   control.   In   contrast,   the  kaolinized  areas  have  a  wide 
horizontal   extension   (>1500  m),   limited   thickness   (at  most   8­12  m)   and   a 
downward decreasing degree of alteration. All deposits occur in the uppermost 
part of the volcanic sequence and appear to be linked to the unconformity with 
the  overlaying  sedimentary  units.  The mineralogical  composition   (kaolinite  + 
quartz + feldspars + Fe­oxyhydroxides ± halloysite ± illite) is inconclusive about 
a weathering versus hydrothermal genesis.
In  the La Matilde Fm (Lesta and Ferello,  1972),   the abundant  fossil  content 
indicates a warm humid climate in a continental palustrine­fluvial environment 
(De Barrio et al., 1999). In the case of the Bajo Grande Fm, the smectitization of 
vitroclastic   tuffs  may   be   interpreted   as   a   consequence   of   a   fast   alteration 
process  in  a  subaqueous environment.   In   the Baqueró  Fm,  clays  are  richly 
fossiliferous, especially containing gymnosperms and angiosperms, indicating a 







1991;   Cravero   and  Dominguez,   1992;   Dominguez   and  Murray,   1995)   and 






applied both   the P2O5  versus SO3  and  the   (Ce+Y+La) versus  (Ba+Sr)  plots 
successfully. The Ba+Sr and SO3 contents are useful indicators of hydrothermal 












main  source   is   the  Bajo  Grande  basement,  whose  smectitic   contribution   is 
evident   in   the  lower clay  layers,  whereas  the  influence  from  the Chon Aike 
basement is of lesser importance. The sediment composition changes upwards, 




























and   texture.  Thus   in   the  C60  quarry,   IL  has  a   coarse­grained   texture  with 
kaolinite stacks and traces of halloysite, RF is deeply altered into halloysite with 
minor   kaolinite   and   RP   seems   to   be   transitional   between   the   IL   and   RF 
lithotypes. These compositional and textural differences of alteration products 















content   (Iglesias,  2005).  This  explanation  could be  also   invoked  for   the  SR 
deposit,   which   is   rich   in   halloysite,   as   well   as   for   MA,   whose   kaolinitic 
composition   could   be   derived   from   the   alteration   of   a   very   fine­grained 
crystalline tuff.  However, the occurrence of  illite  in MA could be related to a 















true   for   the   Cantera   60,   where   some   influence   of   a   steam­heated­type 
hydrothermal alteration may be recognized.
Genesis and compositional features of kaolins are to a large extent comparable 
in  the two districts,   the main difference being the prevalence of sedimentary 




reflects  both  provenance  and  stratigraphic  position.  As  a  consequence,   the 
clays overlying the Bajo Grande Fm consist of smectite and kaolinite in variable 
proportions, mostly depending on the proximity of the basement. In contrast, 
where   the   basin   received   sediments   only   from   the   Chon   Aike   basement, 
kaolinite becomes gradually finer upwards, with crystals having more irregular 
borders   reflecting   some   destruction   during   erosion   and   transportation.   The 
deposit pertaining to the Upper Member of the Baqueró Fm does not follow this 
trend, due  to a prevailing pyroclastic supply  that  fostered  the formation of a 
larger amount of fine­grained but well ordered kaolinite plus some halloysite.
The   influence   of   parent   rock   composition   and   texture   is   observed   in   the 
mineralogy and microstructure of primary kaolins: mostly crystalline pyroclastic 
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Genetic   and   stratigraphic   features   of   the   Patagonian   kaolins   and   clays. 
P=primary   or   residual;   S=secondary   or   sedimentary.   LM=Lower   Member; 
UM=Upper Member.
Deposit Code Type Prov. Sequence Formation Age




FPS FP S Baqueró LM Lower Cretaceous
Puma PU S Baqueró LM Lower Cretaceous
Cola de Zorro CZ S Baqueró LM Lower Cretaceous
Lote 18 PR P Santa  Chon Aike Chon Aike Jurassic
Tincar Super TS S Cruz Baqueró LM Lower Cretaceous
Tincar Zeta TZ S Baqueró LM Lower Cretaceous
Frente A FA S Baqueró LM Lower Cretaceous
Calafate CA S Baqueró UM Lower Cretaceous
C60 – ILG IL P Chubut Marifil Jurassic
C60 – RPB RP P Marifil Jurassic
C60 – RF RF P Marifil Jurassic
13
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Sur del Rio SR P Marifil Jurassic
Marta MA P Marifil Jurassic








Deposit Type Ka Hy I/S Sm Qz Fd Ac HI SI
BG P 15 59 15 3 8 2.12
FP S 37 28 23 4  8 0.33 1.60
PU S 49 12 33 2 4 0.18 1.31
CZ S 48 3 39 2  8 0.45 1.23
PR P 29 2 68 1  1.75 0.46
TS S 52 9 34 2 3 0.37 2.28
TZ S 43 8 46  3 0.40 1.18
FA S 50 9 37 1 3 0.64 1.11
CA S 65 * tr. 27  8 0.92 0.81
IL P 28 * 15 53 1 3  0.61 1.09
RP P 31 ** 44 21 4 0.64 0.93
RF P 35 *** 52 7  6 0.46 1.09
SR P 32 ** 5 58  5 0.50 0.97
MA P 35 * 17 44 2  2 0.79 1.05
CH S 49 (*) 9 33 5  4 0.51 1.13
PRL B 28 2 69 1 1.70 0.50
RPL B 68 ** 15 14 1 2 0.69 0.95
ILL B 63 * 3 31 1 2 0.70 0.81
RFL B 70 *** 3 23 1 3 0.51 1.02
SRL B 63 ** 17 18 1 1 0.45 0.95









































































































































































































































































































































































As ppm 16 20 21 25 35 30 19 27 42 3 9 10 4 8 4
Au ppb 1 2 5 5 3 16 3 3 <1 <2 <2 <2 2 <1 <2
Ba ppm 742 210 126 138 60 93 152 95 194 70 168 23 40 13 74
Be ppm 3 3 3 3 2 3 3 3 3 4 3 2 2 3 2
Bi ppm <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2







Cd ppm 0.5 0.8 0.5 0.7 <0.3 0.7 1.0
<0.
3 0.6 0.7 0.4 0.6 0.3 0.4 0.3
Co ppm 27 11 4 8 2 6 7 3 8 1 1 1 1 1 2
Cr ppm 12 16 16 14 50 23 23 25 13 6 3 3 19 14 9
Cs ppm 34 54 36 31 10 35 28 28 7 6 2 2 15 4 18
Cu ppm 3 17 16 11 10 23 8 16 14 5 6 4 2 2 7
Hf ppm 6 7 7 7 4 6 6 7 12 7 5 6 7 12 7
Hg ppm <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Ir ppb <1 <1 <1 <1 <1 <1 <1 <1 <1 <2 <2 <2 <1 <1 <2
Mo ppm 12 <2 4 <2 8 <2 <2 5 4 3 2 4 <2 <2 <2
Nb ppm 15 8 18 17 <1 16 3 15 8 n.d. n.d. n.d. 10 13 n.d.
Ni ppm 4 7 7 8 39 11 11 7 4 4 3 3 3 3 4
Pb ppm 39 57 62 59 25 70 60 63 34 20 23 33 12 11 39
Rb ppm 50 100 60 63 15 74 70 75 19 133 94 18 64 90 88
S ppm 590 70 90 100 170 40 40 70 110 180 430 440 150 110 430
Sb ppm 2 6 13 14 41 12 10 13 7 1 1 1 1 <0.1 1
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Sr ppm 140 58 35 35 14 25 28 23 23 11 9 11 10 10 18
Ta ppm <0.3 1.7 1.8 1.5 1.4 1.2 1.3 1.3 1.7 1.8 1.7 1.8 2.4 2.2 1.7
Th ppm 24 23 21 23 14 25 19 22 31 31 24 30 41 34 33
U ppm 5 8 6 6 3 8 15 6 7 4 4 4 3 4 15
V ppm 31 61 59 42 <5 65 38 60 35 11 34 46 22 70 21
W ppm 27 19 14 9 7 15 13 14 13 1 4 3 2 2 1
Y ppm 38 40 33 42 11 41 26 54 86 25 20 24 19 24 36
Zn ppm 92 87 79 124 12 115 119 52 29 50 32 23 21 49 53






















































































Sm ppm 16.1 5.9 5.2 7.3 0.6 7.3 3.7
13.
0 8.4 5.2 7.8 8.4 5.1 5.0 9.8
Eu ppm 2.7 1.2 1.0 1.3 <0.1 1.3 0.8 2.4 1.8 0.6 1.0 0.9 0.7 0.7 1.5
Tb ppm 1.8 1.4 0.8 1.4 <0.1 1.4 0.8 2.2 2.1 0.8 0.9 1.3 0.6 1.0 1.6
Yb ppm 3.2 4.4 3.8 4.9 2.0 4.4 4.5 5.9 9.2 3.9 3.1 3.6 3.0 4.6 5.6




endothermal peaks reaction rate exothermal peak weight loss (%)
°C % min­1   °C 200­300°C 1000°C
BG 150*, 555, 700 1.50 950 10.0 (250) 15.6
FP 145*, 570** 0.50*, 0.75** 975 6.5 (300) 13.2
PU 130, 568* 0.76 960 3.1 (300) 11.3
CZ 120, 565* 0.75 960 3.5 (300) 11.4
PR 555­572 0.20 990 0.8 (300) 4.4
TS 120, 570* 0.53 980 2.5 (300) 10.1
TZ 120, 570* 0.50 970 2.1 (300) 8.6
FA 120, 575* 0.80 980 2.1 (300) 9.6
CA 120, 320, 580* 1.00 970 2.8 (300) 12.0
IL 105, 562* 0.45 980 1.7 (300) 6.9
RP 110, 565* 0.43 980 1.5 (300) 7.0
RF 560* 0.50 990 2.1 (300) 8.8
SR 290, 558* 990 1.9 (300) 7.3
MA 105, 570* 0.60 980 1.4 (300) 7.3




Φ 50 Particle fraction (% wt) SSA
µm >63µm 4­63µm <4µm >20µm 2­20µm <2µm <0.3µm m2 /g   
BG <0.30 7.5 4.1 88.4 8.4 5.9 85.7 80.9 31.7
FP 0.37 0.8 9.6 89.6 2.0 22.4 75.6 46.9 44.5
PU 0.67 1.7 24.1 74.2 4.7 34.7 60.6 38.7 28.0
CZ 0.68 1.2 28.4 70.4 8.2 32.5 59.3 39.0 24.3
PR >63 55.2 22.4 22.4 59.1 33.0 7.9 2.5 3.1
TS 0.88 0.1 31.7 68.2 4.5 39.1 56.4 35.6 22.7
TZ 1.47 7.6 31.0 61.4 14.0 35.8 50.2 34.2 21.2
FA 0.88 3.7 28.3 68.0 21.9 21.0 57.1 35.0 21.7
CA 0.33 15.6 11.5 72.9 19.6 12.3 68.1 47.8 25.6
IL 4.29 30.2 23.2 46.6 38.7 19.6 41.7 26.6 13.3
RP >63 59.2 17.2 23.6 67.0 14.5 18.5 7.9 7.4
RF 63.5   49.8 17.5 32.7 58.1 11.9 30.0 4.0 13.1
SR >63 54.0 18.8 27.2 61.3 17.2 21.5 9.5 8.8
MA 1.00 13.7 28.8 57.5 23.9 23.2 52.9 32.6 14.2
CH 1.11 2.0 28.4 69.6 6.2 38.9 54.9 30.6 21.3
PRL 2.39 0.1 22.8 77.1 1.3 58.8 39.9 5.8 5.8
ILL 0.45 0.1 21.9 78.0 1.6 29.4 69.0 41.7 22.4
RPL 1.26 0.3 23.9 75.8 2.5 38.2 59.3 22.6 25.6
RFL 0.58 0.2 23.1 76.7 2.3 33.2 64.5 34.6 27.7
18
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SRL 1.09 0.4 21.7 77.9 3.0 33.9 63.1 25.0 18.7


















Fig.   4:     Identification  method   on   <2  µm    clay   samples.   Sm:  Smectite,   K: 















































































































































BG PR IL RF RP SR MA FP PU CZ TS TZ FA CH CA
As (ppm)
Au (ppb)
Sb (ppm)
Ag (ppm x100)
Sr (ppm)
­ ­ ­ ­ PRIMARY DEPOSITS ­ ­ ­ ­ ­ ­ ­ SECONDARY DEPOSITS ­ ­ ­
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Fig. 13. Distribution of trace elements connected with epithermal events in 
primary and secondary kaolin deposits from Patagonia.
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